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(54) METHOD AND APPARATUS FOR PROJECTION EXPOSING 
(5 7) Abstract: 

PURPOSE: To improve the resolution exceeding 
the diffraction limit by emitting the light from a 
light source to a mask, diffracting the pattern of 
the mask, diffracting the diffracted light 
through a projection optical system, and 
reproducing the pattern on a sample to be 
exposed. 

CONSTITUTION: A mask 1 is inserted between a 
projection optical system 2 and diffraction 
gratings A, B, and a diffraction grating C is 
inserted between the system 2 and a wafer 4. In 
this case, the gratings A, B, C are simultaneously 
phase gratings. The light R perpendicularly 
incident to the mask 1 is diffracted to zero 
order diffracted light RO, + primary diffraction 
light R 1 and - primary diffracted light R 1' on the 
mask surface. The light RO arrives at a point AO 
on the grating A, and the light diffracted in the - 
primary direction is diffracted to + primary 
direction at the point BO on the grating B. 

Thereafter, it is diffracted at the point CO on the grating C via the left end of the pupil 3 in 
± primary direction, and arrived at two points Q, P on the image surfaces. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection exposure approach characterized by consisting of the process for which a 
mask is prepared, the process which irradiates the light from the light source at the above-mentioned 
mask, the process which diffracts the pattern of the above-mentioned mask, and the process which 
diffracts the this diffracted light through projection optics, and reproduces and exposes the above- 
mentioned mask pattern on a sample. 

[Claim 2] The projection exposure approach according to claim 1 characterized by diffracting twice 
as the above-mentioned process which carries out diffraction. 

[Claim 3] the light source, the 1st and the 2nd diffraction means irradiates the pattern on a mask with 
the light from this light source, and diffract the light from this mask, the projection optics that project 
the diffracted light on a sample, and the 3rd diffraction means which diffracts the light from this 
projection optics — this — the projection aligner characterized by to consist of a sample base in which 
the sample arranged under the 3rd diffraction means lays. 

[Claim 4] The above 1st and the 2nd diffraction means are a projection aligner according to claim 3 
characterized by being a phase grating. 

[Claim 5] In the approach of forming a pattern on the above-mentioned substrate by irradiating at a 
mask the light of the wavelength lambda which emitted the light source through an illumination-light 
study system, and carrying out image formation of the pattern on the above-mentioned mask to up to 
a substrate according to the projection optics of numerical aperture NA and reduction percentage 
M:l So that it may have the 1st parallel diffraction grating with the above-mentioned substrate 
between the above-mentioned substrate and the above-mentioned projection optics and the image of 
a mask pattern may be reproduced by interference of the light diffracted by said 1 st diffraction 
grating near the substrate side The projection exposure approach characterized by preparing the 
diffraction grating, the 2nd diffraction grating and the 3rd diffraction grating, of two sheets 
sequentially from the above-mentioned mask side at the above-mentioned mask and parallel between 
the above-mentioned mask and the above-mentioned illumination-light study system. 
[Claim 6] The projection exposure approach according to claim 5 characterized by the cutoff spatial 
frequency f of the optical system which prepared said diffraction grating being larger than the cutoff 
spatial frequency fO of the optical system which does not prepare said diffraction grating, and being 
2 double less or equal of fO. 

[Claim 7] The space period PI of said 1st diffraction grating is the projection exposure approach 
according to claim 5 characterized by being in the range of lambda/(1.42, NA) <=P1 <= lambda/NA. 

[Claim 8] It is the projection exposure approach according to claim 5 characterized by the periodic 
direction of the 1st, 2nd, and 3rd diffraction gratings of the above being equal, and the space period 
PI of the 1st diffraction grating of the above, the space period P2 of the 2nd diffraction grating, and 
the space period P3 of the 3rd diffraction grating filling the relation of about 1/P 3= 1/P2-1/(M-P1). 
[Claim 9] It is the projection exposure approach according to claim 5 characterized by optical paths 
Z2 and Z3 filling /P2= (Z3-/M+ZlandM) / relation of PI mostly (Z3-Z2) from an optical path Zl 
and the above-mentioned mask front face of the 2nd and 3rd diffraction grating of the above from 
the above-mentioned substrate front face of the 1 st diffraction grating of the above. 
[Claim 1 0] Each installation location of the 1 st diffraction grating of the above, the 2nd diffraction 
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grating of the above, and the 3rd diffraction grating of the above, The thickness of each transparence 
substrate which prepares the 1st diffraction grating of the above, the 2nd diffraction grating of the 
above, and the 3rd diffraction grating of the above, And the projection exposure approach according 
to claim 5 characterized by setting up the period of the 2nd diffraction grating of the above according 
to the physical relationship of NA of said projection optics and a contraction scale factor, and the 
each diffraction grating and the above-mentioned substrate so that the aberration between the above- 
mentioned mask side and the image surface may serve as min. 

[Claim 11] The space period P2 of said 2nd diffraction grating is P2 <=l/(l-2 and NA/M). 
******** — the projection exposure approach according to claim 5 characterized by things. 
[Claim 12] Said 2nd and 3rd diffraction gratings are the projection exposure approaches according to 
claim 5 characterized by being a phase grating. 

[Claim 13] Said 1st diffraction grating is the projection exposure approach according to claim 5 
characterized by being a phase grating. 

[Claim 14] Between said substrate and said 1st diffraction grating, the width of face to said one 
direction by below Zl and NA While a space period prepares the about 2, Zl, and 1st [ of NA ] 
protection-from-light pattern [ whether the protection-from-light pattern of the above 1st on a mask 
and the 2nd protection-from-light pattern which shades a field /****/ almost / are prepared in right 
above / of said mask /, or directly under, and an exposure field is restricted to it, and ] Or the 
projection exposure approach according to claim 5 characterized by scanning and exposing on a 
substrate the exposure field by which the limit was carried out [ above-mentioned ], or exposing, 
moving in the shape of a step. 

[Claim 15] Said diffraction grating is the projection exposure approach according to claim 5 which is 
a 1 -dimensional diffraction grating and is characterized by carrying out aberration amendment so 
that the wave aberration of said projection optics may serve as axial symmetry centering on the 
diameter of a direction perpendicular to the periodic direction of the above-mentioned diffraction 
grating on a pupil. 

[Claim 16] Said mask is the projection exposure approach according to claim 5 characterized by 
including a periodic mold phase shift mask. 

[Claim 17] Said mask is the projection exposure approach according to claim 5 characterized by 
having a detailed pattern in the specific direction according to said the 1st period and direction of a 
diffraction grating. 

[Claim 18] Said mask is the projection exposure approach according to claim 5 characterized by 
amending a pattern configuration according to said the 1 st period and direction of a diffraction 
grating. 

[Claim 19] The projection exposure approach according to claim 5 characterized by for the refractive 
index n having filled between said 1 st diffraction grating and said substrates with the larger liquid 
than 1, and setting NA of said projection optics as the range of 0.5<NA<n/2. 
[Claim 20] In the projection aligner which has the projection optics of the numerical aperture NA 
which carries out image formation of the pattern on the above-mentioned mask to the illumination- 
light study system which irradiates the light of the wavelength lambda which emitted the light source 
at the mask on a mask stage near the substrate front face on a substrate stage, and reduction 
percentage M:l It has the 1st diffraction grating of the above-mentioned substrate and 1st parallel 
space period PI (lambda/(1.42, NA) <=P1 <= lambda/NA) between the above-mentioned substrate 
and the above-mentioned projection optics. So that the image of a mask pattern may be reproduced 
by interference of the light diffracted by the 1st diffraction grating of the above near the substrate 
side The projection aligner characterized by having the diffraction grating, the 2nd diffraction 
grating and the 3rd diffraction grating, of two sheets sequentially from the above-mentioned mask 
side in the above-mentioned mask and parallel between the above-mentioned mask and the above- 
mentioned illumination-light study system. 

[Claim 21] It is the projection aligner according to claim 20 characterized by the periodic direction 
of the 1st, 2nd, and 3rd diffraction gratings of the above being equal, and the space period PI of the 
1st diffraction grating of the above, the space period P2 of the 2nd diffraction grating, and the space 
period P3 of the 3rd diffraction grating filling the relation between 1/P3=1 / (M-Pl) +1/P2 mostly. 
[Claim 22] Each installation location of the 1 st diffraction grating of the above, the 2nd diffraction 
grating of the above, and the 3rd diffraction grating of the above, The thickness of each transparence 
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substrate which prepares the 1 st diffraction grating of the above, the 2nd diffraction grating of the 
above, and the 3rd diffraction grating of the above, And the projection aligner according to claim 20 
characterized by setting up the period of the 2nd diffraction grating of the above according to the 
physical relationship of NA of said projection optics and a contraction scale factor, and the each 
diffraction grating and the above-mentioned substrate so that the aberration between the above- 
mentioned mask side and the image surface may serve as min. 

[Claim 23] The projection aligner according to claim 20 characterized by having the function 
exposed while the width of face to said one direction scans and exposes on a substrate the exposure 
field which a space period has the protection- from-light pattern of 2 and NA-Z1 mostly, or was 
restricted with the above-mentioned protection-from-light pattern by below Zl and NA or moves in 
the shape of a step between said substrate and said 1 st diffraction grating. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the pattern formation approach for forming the 
detailed pattern of various solid-state components, and the projection aligner used for this. 
[0002] 

[Description of the Prior Art] In order to improve the degree of integration and working speeds of a 
solid-state component, such as LSI, detailed-ization of a circuit pattern is progressing. Moreover, 
detailed-ization of a pattern is desired for improvement in a property, such as light and electronic 
devices, such as laser, and various kinds of quantum effectiveness components, a dielectric, a 
magnetic-substance component. The reduced-projection-exposure method excellent in mass- 
production nature and definition ability is widely used for such pattern formation now. Since the 
resolution limit of this approach is proportional to exposure wavelength and in inverse proportion to 
the numerical aperture (NA) of a projection lens, improvement in the resolution limit has been 
performed by short- wavelength-izing and high NA-ization. 

[0003] Moreover, the various image improving methods, such as a phase shift method, deformation 
illumination (oblique incidence illumination), and the pupil filter method, are applied as technique 
for improving the resolution of a reduced-projection-exposure method further, these — the former — 
the engine performance of optical system until [ theoretical ] diffraction marginal (cutoff spatial 
frequency = 2 NA/lambda) last-minute - it will be used effectively The these images improving 
method (often called a super resolution method) is discussed by the 49th page (the Science forum 
company **, 1994, Tokyo) from innovation of a ULSI lithography technique, Chapter 1, and the 
34th page, for example. 

[0004] On the other hand, some methods of expanding the spatial-frequency band of optical system 
are learned as an approach of improving the resolution of a microscope across the conventional 
above-mentioned diffraction limitation. These spatial-frequency band dilation is discussed by the 
859th page (1968) from application physics, the 37th volume, No. 9, and the 853rd page, for 
example. One of approaches of this scans two grid patterns, keeping conjugation relation mutual 
right above [ of a body and an image ] (at least inside of the depth of focus), they form a moire 
pattern by superposition of a body and the 1st grid pattern of the right above of it, and get over by 
passing a lens system and piling up this moire pattern with the 2nd grid pattern by the image side. 
Since a moire pattern has spatial frequency lower than a body and the 1 st grid pattern, it can pass a 
lens system. It applies for applying this approach to a reduced-projection-exposure method. 
Generally, since it is difficult, it is operating scanning a grid pattern mechanically right above 
[ wafer ] as a grid by preparing a phot chromics material directly on a wafer, and scanning an 
interference fringe in piles to this. 
[0005] 

[Problem(s) to be Solved by the Invention] however, the above ~ there are the following technical 
problems in various conventional techniques. 

[0006] As for short-wavelength-izing of exposure light, ArF excimer laser (wavelength of 193nm) is 
first considered to be a limitation from the problem of the permeability of an optical (lens) 
ingredient. Moreover, as for NA of projection optics, 0.6-0.7 are considered to be limitations from 
the problem on a lens design and manufacture. However, the resolution limit of the exposing method 
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is 0.3 lambda/NA extent, when 0.5 lambda/NA and a periodic mold phase shift method are generally 
used, therefore even if it uses the limitation of the above-mentioned short- wavelength-izing and a 
raise in NA, a pattern 0.1 micrometers or less is conventionally difficult for formation. Moreover, by 
the describing [ above ] periodic mold phase shift method, since a mask pattern is restricted, an 
actual limit size retreats further about a more common circuit pattern. Moreover, although expansion 
of exposure area is demanded with large-scale-izing of LSI, it is very difficult to be satisfied with 
coincidence of expansion of the exposure field of projection optics, and the demand of a raise in NA. 

[0007] On the other hand, the various spatial-frequency band dilation aiming at crossing the 
conventional diffraction limitation aims at expanding a minute body for a microscope. For this 
reason, there was a trouble that it was not necessarily suitable in forming the minute optical image 
demanded by optical lithography. For example, by the approach of using said moire pattern, the 
device or optical system for scanning two grids, keeping conjugation relation mutual right above [ of 
a mask and a wafer ] becomes it is remarkable and complicated. Since exposure of a resist is 
substantially performed with EBANESSENTO light, there are problems, like it becomes difficult for 
light to decline in a wavelength range and to expose a thick resist. Furthermore, even when using 
phot clo MIKKU, there is no suitable ingredient. Therefore, when mass production method of LSI 
was considered, there was a trouble that it could not necessarily be said that it is practical. 
[0008] The purpose of this invention is in the projection exposing method which forms the detailed 
pattern of various solid-state components to offer the approach of improving the resolution across the 
conventional diffraction limitation (cutoff spatial frequency). Specifically, it is in offering the new 
projection exposure approach that effectiveness almost equivalent to having a maximum of doubled 
the NA substantially is acquired, and the aligner which makes this possible, without changing NA of 
projection optics. 

[0009] Another purpose of this invention is to offer the projection exposure approach of having been 
suitable for mass production method of LSI which is satisfied only with adding some amelioration to 
these of the big exposure field and high resolution at coincidence possible [ the thing of the 
improvement effectiveness in resolution to acquire ], without changing greatly the configuration and 
optical system of an aligner of a conventional type. 
[0010] 

[Means for Solving the Problem] In case image formation of the above-mentioned purpose is carried 
out to up to a substrate using the light of wavelength lambda according to the projection optics 
(numerical aperture = NA, reduction percentage -1 :M) of MASUKUP AT AN ** and a pattern is 
formed, between the above-mentioned substrate and the above-mentioned projection optics While 
preparing the 1st diffraction grating of the space period PI (however, it is desirable that it is lambda/ 
(1.42, NA) <=P1 <= lambda/NA) in the above-mentioned substrate and parallel So that the image of 
a mask pattern may be reproduced by interference of the light diffracted by the 1st diffraction grating 
of the above near the substrate side It is attained by preparing the diffraction grating, the 2nd 
diffraction grating and the 3rd diffraction grating, of two sheets sequentially from the above- 
mentioned mask side between said projection optics and said masks at the above-mentioned mask 
and parallel. 

[001 1] In order to reproduce the image of a mask pattern faithfully by the diffracted light of the 1st 
diffraction grating, the periodic direction of the 1st, 2nd, and 3rd diffraction gratings of the above is 
equal, and the space period PI of the 1st diffraction grating of the above, the space period P2 of the 
2nd diffraction grating, and the space period P3 of the 3rd diffraction grating are set up so that the 
relation of about 1/P 3= 1/P2-1/(M-P1) may be filled. Moreover, the optical path Zl from the above- 
mentioned substrate front face of the 1 st diffraction grating of the above and the optical paths Z2 and 
Z3 from the above-mentioned mask front face of the 2nd and 3rd diffraction grating of the above are 
set up so that /P2= (Z3-/M+ZlandM) / relation of PI may be filled mostly (Z3-Z2). Furthermore, it 
is desirable that it is P2<=l/(l-2 and NA/M). Moreover, it is desirable to set up the thickness of the 
installation location of the 1st, 2nd, and 3rd diffraction grating and the transparence substrate of each 
diffraction grating and the period of the 2nd diffraction grating so that the aberration between the 
above-mentioned mask side and the image surface may serve as min. Moreover, it is desirable that a 

space period prepares the 2nd protection-from-light pattern which shades a field [****/ right 
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above / of said mask / or directly under / again / as the protection-from-light pattern of the above 
1st / almost ] for the about 2, Zl, and 1st [ of NA ] protection-from-light pattern, and width of face 
restricts an exposure field by below Zl and NA between a substrate and the 1st diffraction grating. 
Furthermore, it is desirable to scan and expose on a substrate the exposure field by which the limit 
was carried out [ above-mentioned ] if needed, or to expose, moving in the shape of a step. As for 
each [ these ] diffraction grating, it is desirable that it is a phase grating. 
[0012] In addition, as for said diffraction grating, it is desirable to consider as a 1 -dimensional 
diffraction grating, and to carry out aberration amendment of the wave aberration of said projection 
optics so that it may become axial symmetry centering on the diameter of a direction perpendicular 
to the periodic direction of the above-mentioned diffraction grating on a pupil. Moreover, this 
invention demonstrates big effectiveness especially, when a periodic mold phase shift mask is used 
as a mask. Furthermore, it is desirable to restrict the period and direction of a detailed pattern, or to 
amend a pattern configuration according to the period and direction of a diffraction grating, if 
needed. Moreover, if a refractive index n fills between the 1st diffraction grating and said substrates 
with a larger liquid than 1 and NA of said projection optics is set as the range of 0.5<NA<n/2, 
formation of a still more detailed pattern will be attained. 
[0013] 

[Function] This invention will acquire effectiveness equivalent to increasing NA effectually by 
preparing a diffraction grating between the last element of projection optics, and a wafer, and 
enlarging the incident angle of the light beam which carries out incidence to a wafer side. However, 
only by preparing a diffraction grating between the lens-wafers of optical system conventionally 
simply, the diffracted lights which should originally be collected to one on the image surface are 
scattered all over the scattering location on the image surface, and playback of a mask pattern is 
difficult absolutely. Therefore, it is necessary to reconfigurate optical system so that an image 
faithful to the original mask pattern may be reproduced as a result of interference. And as for the 
viewpoint of practicality to such optical system, it is desirable that the conventional mask is 
moreover usable, without converting the conventional projection optics greatly. This invention 
satisfies these demands so that it may state below. 

[0014] In order to explain an operation of this invention, the principle of the image formation by this 
invention is explained as compared with a conventional method. The situation of the image 
formation at the time of illuminating a mask or a phase shift mask the case where it illuminates to a 
perpendicular respectively, and aslant, conventionally by the conventional projection exposure 
optical system is shown in drawing 2 a, b, c, and d for the again comparison with drawing 1 of the 
image formation in the optical system based on one gestalt of this invention. In any drawing, 2:1 
contraction optical system, coherent illumination, and a 1 -dimensional pattern were assumed, and 
paraxial image formation approximation was carried out. 

[0015] First, when the vertical illuminator of the mask is usually conventionally carried out by 
optical system ( drawing 2 a), it diffracts with the pattern on a mask, and the beam of light which 
passed the pupil 24 (inside of diaphragm 20) of projection optics 23 among the diffracted lights 
converges on the image surface 25, it interferes in the light 22 which carried out vertical incidence to 
the transparency mold mask 21, and it forms a pattern. Here, if the pattern period which gives the 
greatest angle of diffraction which can pass a pupil is defined as the resolution limit, the resolution 
limit will become lambda/(2NA) (however, NA=sin theta 0). Furthermore, if the periodic mold phase 
shift mask 26 is applied to this optical system, as shown in drawing 2 b, the zero-order diffracted 
light will disappear and the diffracted light will arise in the symmetry to an optical axis 29 (alternate 
long and short dash line in drawing). For this reason, the greatest angle of diffraction which can pass 
a pupil becomes twice, and the resolution limit improves to lambda/(4NA). 

[0016] moreover — if slanting lighting is conventionally applied to optical system (it was assumed 
that the zero-order light 27 of the mask diffracted light passed through the left end of ****** since it 
was easy, drawing 2 c and) — the inside of the mask diffracted light — a core [ light / zero-order ] — 
carrying out ~ positive/negative — only a single-sided component (drawing +primary light 28) with 
one of angle of diffractions passes a pupil, and converges on the image surface. Since the diffracted 
light which has a twice [ in the case of vertical incidence ] as many angle of diffraction as this can 

pass a pupil, the resolution limit becomes lambda/(4NA) too. However, in order to use only one side 
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of a diffraction spectrum, the resolution of an isolated pattern is not different from the case of a 
vertical illuminator, and has the problem of contrast falling also in the case of a periodic pattern. 
Furthermore, since two or more diffracted lights cannot pass a pupil if a mask is changed into the 
periodic mold phase shift mask 26, a pattern is not resolved ( drawing 2 d). 
[0017] Next, the image formation in the optical system based on one gestalt of this invention is 
shown in drawing 1 . In the conventional optical system of drawing 2 , a diffraction grating A and a 
diffraction grating B are inserted between a mask 1 and projection optics 2, and, as for it, the optical 
system of drawing 1 inserts a diffraction grating C between projection optics 2 and a wafer 4 again. 
Here, let both the diffraction gratings A, B, and C be phase gratings. 

[001 8] The light R which carried out vertical incidence to the mask 1 is diffracted by the zero-order 
diffracted light R0, the -^primary diffracted light Rl, and -primary diffracted-light Rl f in respect of a 
mask, the zero-order light R0 should reach the point AO on a diffraction grating A, and the light 
diffracted in the -primary direction there should pass the left end of a pupil 3 (inside of diaphragm 
5), after being diffracted in the ^primary direction the point BO on a diffraction grating B — it 
diffracts in the primary [ **] direction the point CO on a diffraction grating C ~ having — an each 
image surface top — two points are given to Q and P. Moreover, the +primary diffracted light Rl 
reaches the point Al on a diffraction grating A, and after the light diffracted in the -primary direction 
there is diffracted in the +primary direction the point Bl on a diffraction grating B, it is diffracted in 
the primary [ **] direction the point CI on a diffraction grating C through the right end of a pupil 3, 
and reaches the points Q and P on the image surface too. on the other hand — a point — A ~ zero — + 
— one — order — a direction — diffracting — having had — zero-order — light — R — zero — 1 - one — 
order — the diffracted light — R — one - 1 - receiving - an optical path — the above-mentioned 
optical path and above-mentioned optical axis 6 (alternate long and short dash line in drawing) of 
two beams of light — receiving - the symmetry — becoming . That is, finally both are diffracted in 
the primary [ **] direction the point CO on a diffraction grating C, and reach the point P on the 
image surface, and Q'. Therefore, three beams of light, the zero-order light diffracted with the mask 
and the primary [ +] -primary beam of light, cross at P points. This [ depend / on a mask angle of 
diffraction ] is clear. Therefore, at Point P, a diffraction figure is reproduced faithfully. 
[0019] Since the diffracted light with a twice as many angle of diffraction as this can pass a pupil 
using the optical system which has the same NA and a scale factor compared with a conventional 
method ( drawing 2 a), the effectiveness same with having doubled NA two substantially is acquired, 
moreover — slanting lighting ( drawing 2 b) — a core [ light / zero-order ] — carrying out — 
positive/negative ~ either - since the diffracted light of both sides is reproducible by this invention 
in the image surface to only diffracted light of one of the two being reproducible in the image 
surface, with slanting lighting, the improvement in resolution of the difficult isolated pattern is 
possible, and big contrast can be acquired to a periodic pattern. Furthermore, if a periodic mold 
phase shift mask is applied to this optical system ( drawing 3 a), as a result of +primary light R+ and 
-primary light R- which the zero-order diffracted light disappears and have a twice [ usual ] as many 
angle of diffraction as this interfering, the degree of minimum solution image becomes lambda/ 
(8NA). This is the one half of lambda/(4N A) which is a theoretical limitation at the time of using a 
periodic mold phase shift mask and slanting lighting until now, and improvement in fast resolution 
of it is attained by this invention. Moreover, the situation of the image formation at the time of 
applying slanting lighting in this optical system is shown in drawing 3 b. With slanting lighting, it 
becomes possible to pass a pupil to diffracted-light Rl" which has a big angle of diffraction only to 
one side, and resolution can be improved to a maximum of the twice (8NA), i.e., lambda/, at the time 
of a vertical illuminator. Moreover, if various illumination light from which a mask incident angle 
differs is used, the effectiveness of partial coherent illumination can be acquired completely similarly 
in optical system conventionally. 

[0020] It is as follows when the principle of this invention is explained from the position of the 
fourier diffraction theory ( drawing 4 ). By the following explanation, the scale factor of optical 
system shall consider 1 in a phase grid, and a diffraction grating shall consider only the about 1- 
dimensional primary [ **] diffracted light. From the point P on the image surface, when a pupil 3 is 
seen through a diffraction grating C, a pupil is divided into two by diffraction and it is visible 

( dbrawing 4 a). In each pupil, the mask Fourier transform image which passes a pupil at an angle of 
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the specification which exists respectively appears. On the other hand, considering a mask side, the 
light diffracted with the mask is diffracted by diffraction gratings A and B, and forms two or more 
mask Fourier transform images on a pupil. Among these, a certain thing which passed the pupil at an 
angle of specification can be seen in the pupil which was visible in the top ( drawing 4 b). That is, in 
the case of drawing 4 , the fourier diffraction figure on the right of drawing 4 b appears in the pupil 
on the left-hand side of drawing 4 a, and the fourier diffraction figure of Hidari of drawing 4 b 
appears in the pupil on the right-hand side of draw ing 4 a. At this time, conditions to reproduce an 
image correctly at Point P are the following two points. 

[0021] (1) The spectrum of the same point on a mask should appear through two pupils. 
[0022] (2) Two spectrums should connect continuously at the contact of two pupils. 
[0023] It is necessary to enable it in other words to see one continuous spectrum through two or 
more pupils. 

[0024] from an image — seeing — a diffraction grating C — minding — f — two or more shifted pupils 
— visible — the inside of each of that pupil — diffraction gratings B and A ~ minding — too — f 1 — 
supposing two or more shifted fourier diffraction figures appear, amplitude distribution [ of a true 
image ] u (x) is expressed with a degree type. 
[0025] 

u(x) =F [sigmap(f-f ) -sigmao (f-f ')] - f -**SCf '=** (SA-SB-SC) - here As for the Fourier 
transform and p (f), a pupil function and o (f) express [ F[ ] ] the sum to the order of diffraction from 
which a real space coordinate differs from f in a mask fourier diffraction figure and x, and sin (sine) 
of the angle of diffraction of diffraction gratings A, B, and C and sigma differ in a spatial-frequency 
coordinate, and SA, SB and SC. Therefore, if SA=SB+SC, the term which is set to f -0 and set [ as 
opposed to / both / both f =**SC(s) ] to f -0 can be acquired. That is, one spectrum o (f) can be seen 
through two pupils p (f |e *SC). furthermore — in order to obtain the image to a same-on mask point at 
Point P ~ the distance between a mask side and diffraction gratings A and B and the distance 
between a diffraction grating C and the ideal image surface, and Each ZA, ZB, and ZC - SAand(ZB- 
ZA) =SC- (ZB+ZC) - then, it is good. 

[0026] When the upper conditions are applied to the optical system of reduction percentage M:l and 
the image side numerical aperture NA under paraxial approximation, it turns out that what is 
necessary is just to set up the distance ZA and ZB between the periods PA, PB, and PC of diffraction 
gratings A, B, and C, a mask side, and diffraction gratings A and B, and the distance ZC between a 
diffraction grating C and the ideal image surface almost as follows. 

[0027] In order to acquire sufficient improvement effectiveness in resolution by this invention to a 
1/PA-1/PB-1/(M-PC) (ZB-ZA)/PA=(ZB/M+M-ZC)/PC pan, considering as lambda/NA<=PC 
<=root2 and lambda/NA is desirable. 

[0028] As for diffraction gratings A and B, it is desirable that it is a phase grating. When diffraction 
gratings A and B penetrate not a perfect phase grating but zero-order light, effectiveness, such as 
optical system and oblique incidence optical system, laps with the effectiveness of this approach 
conventionally which is inferior to definition from this approach. For this reason, there is a 
possibility that definition may deteriorate. On the other hand, even if a diffraction grating C is a 
phase modulation grid and it is an amplitude intensity modulation grid, it is not cared about. If the 
period of a diffraction grating C is quite small and the silicon oxide of a refractive index 1.5 is 
considered, the cross-section aspect ratio of a grid pattern will become about about one. In this case, 
it needs to be cautious of the scattering effect of the light in a pattern cross section. In the case of the 
diffraction grating which consists of a protection- from-light pattern, since thickness of a light- 
shielding film is made quite thinly, the effect of dispersion can be reduced. However, the direction 
which uses a phase modulation grid can make an exposure field large so that it may state later. 
[0029] If a refractive index n fills the substrate side of a diffraction grating B with a larger liquid 
than 1 etc., sin will turn intol/n of the wavelength of this field, and an angle of diffraction. Then, if 
the period of a diffraction grating B is further made fine and an angle of diffraction is made equal to 
the case where a liquid is not filled, since only wavelength is set to 1/n, resolution will also improve 
to 1/n. Although the diffracted light with a more big angle of diffraction needs to increase the 
appearance mask lighting angle which can pass a pupil in a mask side, it becomes impossible in this 

case, for the diffracted light with a small angle of diffraction to pass a pupil at this time. Then, it is 
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desirable to increase the path of a pupil according to this. This can also be put in another way as 
follows. When the refractive index between a diffraction grating B and a substrate is 1, the 
improvement in resolution is not obtained at all as for 0.5 or more in NA of projection optics used by 
this invention. sintheta> The angle of diffraction over the beam of light which carries out incidence 
to the diffraction grating B of periodic lambda/NA at an angle of [ theta ] 0.5 is for becoming 90 
degrees or more, localizing on a diffraction-grating front face as an evanescent wave, and not getting 
across to a wafer. On the other hand, if the refractive index between a diffraction grating B and a 
substrate is set to n, angle-of-diffraction theta' of the light which carried out incidence at an angle of 
sin theta=NA to the diffraction grating B (it must be periodic lambda/NA in order for the zero-order 
light which passed through the edge of a pupil to carry out vertical incidence to a wafer) will become 
sintheta ~(lambda/PB+sintheta)/n=2 NA/n, and the conditions for being theta f <90 degree will be set 
to NA<n/2. That is, this invention is effectively applicable to the optical system of maximum NA=n / 
2. Although immersion optical system generally needs a special optical design, when it applies to 
this invention as mentioned above, a special lens is not needed at all. Therefore, if between a 
diffraction grating B and substrates is filled with water (refractive index 1 .3 [ about ]) and is exposed 
using an about 0.6 NA [ which is usually used in the semi-conductor process ] projection lens, 
effectiveness equivalent to having set NA to 1 .2 substantially will be acquired. In this case, if a phase 
shift mask is used, the resolution of 0.1 micrometers or less will be obtained also on the wavelength 
(365nm) of i line of a mercury lamp. In addition, by this approach, since the incident angle of light in 
which it interferes near the wafer is very large, it depends for the image formation engine 
performance in the polarization condition of light strongly. Generally, the light in which an electric 
field vector has a polarization condition perpendicular to the plane of incidence of light is more 
desirable when forming the image of high contrast. 

[0030] All the above arguments need to assume paraxial approximation, need to set the refractive 
index of the substrate of a diffraction grating to 1 , and need to take into consideration strictly in fact 
the effectiveness of the refractive index of the substrate of a diffraction grating, and the effect of the 
aberration produced by the diffraction grating. For this reason, the installation location of each 
diffraction grating etc. may be changed a little. It cannot be overemphasized that it is desirable to 
make it in agreement in sufficient precision as for the periodic direction of the pattern of two or more 
diffraction gratings. 

[003 1 ] Next, four points are described about the point which it should be careful of in this invention. 
[0032] Generally an exposure field is conventionally restricted to the 1st compared with the exposing 
method by this optical system. Two beams of light cross also in the point Q on the image surface, 
and Q 1 , it interferes mutually, and an image is formed so that drawing 1 may show. This image is an 
image of the false produced in the location which should be formed essentially, and out of which it 
does not come, and, generally is not desirable. In order to avoid this, it is desirable to form the 
protection-from-light mask 52 in right above [ of the image surface 5 1 ] (between a wafer and 
diffraction gratings C), and to intercept the image of these falses, as shown in drawing 5 a. A 
diffraction grating C and the protection-from-light mask 52 can be formed in both sides of the same 
quartz substrate 53 as shown in drawing. (You may form on a separate substrate.) preparing similarly 
this, simultaneously the masking blade which shades the above-mentioned protection-from-light 
mask and a field [****/ almost ] in right above [ of a mask ], or directly under again etc. ~ carrying 
out - a mask lighting field - the above ~ restricting to a field [****] is desirable. The exposure 
field which can be imprinted by one exposure is a field equivalent to the distance (about 2 and NA- 
ZB) between a true image (P points) and a fake image (Q points), repeats the twice of the above- 
mentioned distance as a period, and appears. Therefore, when narrower than the area which wants to 
expose the field which can be exposed, the thing which were shown in drawing 5 b and for which an 
exposure field is scanned on a wafer is [ like ] desirable. Under the present circumstances, if the 
reduction percentage of optical system is M:l, it cannot be overemphasized that it is desirable to also 
set strictly the ratio of mask scan speed and wafer scan speed to M:l. About the approach of carrying 
out the synchronous scan of these exposure field on a mask and a wafer, the approach used with the 
existing aligner can be used as it is. On the other hand, when larger than the area which wants to 
expose the field which can be exposed (i.e., when the distance between a true image and a fake 

image covers the chip which is one piece), it can expose, without scanning. The width of face of one 
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exposure field increases, so that exposure area size is decided by the installation location of a 
diffraction grating B and a diffraction grating B is separated from the image surface. However, since 
the width of face of the field which cannot be imprinted to coincidence also increases, both rate does 
not change as [ about 1:1 ]. In order to eliminate the effect of a fake image, as for the width of face 
W of an exposure-on wafer field, considering as W<=NA-ZB is desirable. Moreover, when an 
amplitude intensity modulation grid is used for a diffraction grating B, in order that the zero-order 
diffracted light of a grid may form the image of another false in the midpoint of a true image and a 
fake image, when an exposure field is a phase grating, it becomes half mostly. 
[0033] Generally by this approach, exposure reinforcement falls to the 2nd. Only the light of the 
specific order of diffraction is used for the beam of light which carries out image formation on a 
wafer by this approach among the beams of light diffracted by the diffraction grating inserted into 
optical system. Therefore, the optical reinforcement which contributes to exposure whenever it 
passes a diffraction grating will fall. Moreover, having restricted the exposure field on a mask and a 
wafer, as stated in the top also causes a throughput fall. For this reason, it is desirable to cope with it 
using resist ingredients, such as a chemistry multiplier system resist with high sensibility which uses 
the light source with fully strong reinforcement by this approach, etc. 

[0034] As pre- explanation showed [ 3rd ], in addition to the desirable diffraction figure of f '=0, on a 
pupil, the Fourier transform image which shifted only f '=**2 (SA+SB) arises. This means that the 
high order spectrum of a mask pattern laps with a low spatial-frequency field substantially, and, 
generally is not desirable. In order to avoid this in the optical system of drawin g 1 , it is PA<=l/(l-2 
and NA/M). 

Then, it is good. In this case, it is because the diffracted light (equivalent to the dotted line emitted 
out of [ Al ] drawing 1 ) of the ^primary direction by the diffraction grating A to the diffracted light 
(inside Rl of drawing 1 ) diffracted by angle-of-diffraction 2 and NA/M with the mask cannot exist. 
[0035] By the optical system of this invention, it needs to be [ 4th ] cautious of the aberration 
accompanying diffraction-grating installation. The aberration generated by the diffraction grating is 
explained using drawing 6 . The beam of light after mask passage assumes that it is in a field 
including the periodic direction of an optical axis and a diffraction grating (for example, a 1 - 
dimensional pattern and coherent illumination). In order for the optical system of drawing 6 a to be 
non-aberration, the difference of each optical path length of OX1X2X3I, OY1Y2Y3I, and 
OZ1Z2Z3I must be 0. However, if an optical-path-length difference is among these, this will serve as 
aberration. If it assumes that projection optics is the ideal optical system of aberration 0, the 
difference of OX1X2+X3I, OY1 Y2+Y3I, and OZ1Z2+Z3I will turn into aberration from 
X2X3=Y2Y3=Z2Z3 here. If the wave aberration of an optical path which results in OZ1Z2Z3I from 
OX1X2X3I which crosses the diameter of a pupil is plotted to the pupil radius coordinate s 
standardized on the basis of OY1 Y2Y3I, it will become like the continuous line of dra w ing 6 b. It 
turns out that aberration w+ (s) to the beam of light which has the include angle of + to a mask 
passage glory shaft generally becomes unsymmetrical on a pupil. Aberration w-(s) to the beam of 
light which has the include angle of - to an optical axis similarly becomes the symmetry from the 
symmetric property of optical system considering w+ (s) and a pupil as a core. In this invention, 
since it is necessary to make the light diffracted in the direction of +, and the light diffracted in the 
direction of - interfere in coincidence on a wafer, it is necessary to amend the aberration to both to 
coincidence. However, since the pupil top aberration over the light diffracted in the direction of + 
and the direction of - is not in agreement so that drawing 6 b may show, it becomes difficult 
theoretically to amend these by projection optics to coincidence. Therefore, as for such aberration, it 
is desirable to amend between a mask and projection optics or between a wafer and a substrate. 
Generally this can be performed by the following approaches. 

[0036] If w+ (s) and w-(s) is equal, it is possible to amend this by projection optics, then - delta ~ w 
- s -) - = - {- w - + (- s --) --} - {-- w - (-- s --) --} - a pupil top (with drawing 6 - the 
range of K=s<=l) - wavelength - comparing - the amount delta small enough - stopping - 
****ing . On the other hand, deltaw** (s) is expressed as a function of the parameters xi (i= 1, 2, --), 
such as relative-position relation between the installation location of each diffraction grating, the 
thickness of the substrate supporting a period and a diffraction grating, a refractive index and a 
substrate, and a diffraction grating. Then, the range of the problem is -K=s<=l, and it results in 
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calculating xi which fills deltaw(s, xi) <delta. An example describes the example of actual 
optimization. Anyway, it can do in this way and a symmetrical form, then this symmetrical can be 
amended for the aberration over the beam of light which has the include angle of ** to a mask 
passage glory shaft in projection optics on a pupil. Furthermore, it is more desirable if the aberration 
itself can fully be controlled by the approach described in the top. 

[0037] As mentioned above, since it was easy, the 1 -dimensional pattern was assumed as a mask 
pattern, but when a two-dimensional pattern exists in fact or partial coherent illumination is used, the 
beam of light after mask passage is not settled in a field including the periodic direction of an optical 
axis and a diffraction grating, but tends toward various points on a pupil. In this case, what is 
necessary is to consider function deltaw(s, t) = {w+(s, t)}-{w-(s, t)} of the two-dimensional 
coordinate on a pupil (s, t), and just to calculate as deltaw, xi which fills deltaw(s, t, xi) <delta within 
a pupil surface. This means making w** (s, t) into the most symmetrical possible form to s^Oona 
pupil. 

[0038] Furthermore, in order to acquire the effectiveness of this invention to all directions, it is 
possible to use each diffraction grating as a two-dimensional diffraction grating, as shown in 
drawing 7 a and b. In this case, the form of the pupil on appearance serves as symmetry 4 times. 
However, except for the case where NA of optical system is small, it is a little difficult to carry out 
aberration amendment on a pupil to 2 sets of perpendicular pupils according to the situation 
described in the top at coincidence mutually. For this reason, it is a little difficult to acquire the 
effectiveness of this invention equally to all directions on a mask, and it is more realistic to use a 1- 
dimensional diffraction grating like drawing 8 . Drawing 8 a, b, and c sees with three typical 
diffraction gratings, and is the upper pupil configurations. In d rawing 8 a, substantial NA increases 
about twice to the pattern of x directions, but it decreases to the pattern of the direction of y. In 
drawing 8 b, to the pattern of x directions, substantial NA becomes root2 twice and is set to l/root2 
to the pattern of the direction of y. As for NA, in drawin g 8 c, x and y both directions become root2 
twice, but it is thought that it depends for the image formation engine performance [ / in addition to x 
and the direction of y ] in the direction of a pattern remarkably. It is desirable to impose the limit by 
the direction on the layout rule of a pattern etc. on a mask in any case. 
[0039] In order to abolish the pattern direction dependency of the image formation engine 
performance, the conditions of d rawing 8 a, b, and c may be rotated 90 degrees respectively, for 
example, and multiplex exposure may be performed. When this is especially applied to drawing 8 c, 
an image equivalent to x and y both directions having doubled NA root2, without controlling pattern 
direction dependency [ / in addition to x and the direction of y ], and sacrificing image contrast can 
be obtained. However, when rotating a diffraction grating 90 degrees, an aberration property is also 
rotated 90 degrees. Then, it is desirable to cope with to perform aberration amendment using a pupil 
filter and to rotate this 90 degrees with a diffraction grating etc. In addition, when aberration control 
is difficult, you may carry out preparing a slit filter in a pupil if needed etc. 

[0040] As shown in drawing 3 , when perfect coherent illumination of the periodic mold phase shift 
mask is carried out, the optical path of primary [ **] light in which it interferes near the wafer is 
always symmetrical to an optical axis, and each optical path length is equal. Therefore, even if 
aberration amendment of the optical system is not carried out, detailed pattern formation is possible. 
That is, when using a periodic mold phase shift mask under perfect coherent illumination, a two- 
dimensional diffraction grating as shown in draw ing 7 is usable, it does not depend in the direction 
of a pattern, but the effectiveness of a phase shift mask can be demonstrated to the maximum extent. 
What is necessary is to expose only a detailed period pattern by the above-mentioned approach, and 
just to expose other parts by the exposing method conventionally after that, in imprinting the mask 
pattern with which various patterns are intermingled. 

[0041] Moreover, generally the above-mentioned aberration increases rapidly with the value of NA. 
For this reason, in about 0.1 to 0.2-NA optical system, it does not become a problem comparatively. 
Therefore, when applying to the aligner for large areas of low NA and a low scale factor, the soft-X- 
ray contraction projection aligner of a reflective mold, etc., various constraint which was described 
in the top is mitigated. 

[0042] As mentioned above, this invention passes a pupil for right-and-left one side of the fourier 

diffraction figure centering on a zero-order diffracted-light line separately respectively, and it can be 
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said that it is what compounds this by the image side. Although it is already applied to the optical 
microscope as this view itself is discussed by the above-mentioned reference, the configuration of 
optical system realizable on contraction projection optics was not devised in this until now. This 
invention is exactly what realized this skillfully in the reduced-projection-exposure system. That is, 
the optical system of drawing 1 prepares a diffraction grating between projection optics and a wafer, 
and it constitutes optical system so that an image faithful to the original mask pattern may be 
reproduced as a result of wafer side interference, while it enlarges the incident angle of the light 
beam which carries out incidence to a wafer side. This invention is applicable to various projection 
optics, such as dioptric system, catoptric system and these combination, contraction optical system, 
and actual size optical system. Also as the exposure approach in the case of exposing a mask pattern 
to up to a wafer using such optical system, it is applicable to both a package imprint, a scanning 
method step-and-repeat one a step a scan, etc. Moreover, this invention is purely based on 
geometrical optics-effectiveness so that more clearly than the above explanation. Therefore, the 
trouble which originates for [ as / in the approach using the above-mentioned Moire fringe ] 
EBANESSENTO Mitsutoshi is not produced. Moreover, since it can detach from a wafer, it can 
install and there is moreover also no need, such as a synchronous scan, a diffraction grating is easily 
realizable far. 
[0043] 
[Example] 

(Example 1) Based on this invention, as the scanning mold KrF excimer laser projection aligner of 
NA=0.45, the light source wavelength of lambda= 248nm, and reduction percentage 4:1 was 
typically shown in drawing 9 , it converted. That is, the transparence quartz plate 1 03 which has a 
phase grating pattern was inserted in both sides between the masks 101 and projection optics 102 
which were installed on the mask stage 100. Moreover, between the wafers 105 and projection optics 
1 02 which were installed on the wafer stage (sample base) 1 04, the protection-from-light pattern and 
the transparence quartz plate 1 06 which already has a phase grating pattern on one side were inserted 
in one side so that a protection-from-light pattern side might meet a wafer. The protection-from-light 
pattern used with a width-of-face period [ 1mm period of 300 micrometers ] Cr pattern, and the 
phase grating pattern as Si oxide-film pattern of periodic = lambda/NA. It is 4 times [ by the side of a 
wafer ] the period of the phase grating pattern on the mask side transparence quartz plate 103 of this. 
Si oxide-film thickness was set up so that the phase of the light which penetrated the film's existence 
section and the part not existing might shift 1 80 degrees. These patterns were formed like the so- 
called production process of a chromium loess phase shift mask using EB lithography. Moreover, the 
transparence quartz plate 108 which has width of face of 1.2mm and a periodic =4mm protection- 
from-light pattern was formed in the illumination-light study system 1 07 side of a mask. The 
protection-from-light field of the above-mentioned protection-from-light pattern was set up so that it 
might become a protection-from-light pattern on the wafer side transparence quartz plate 106, and 
conjugate. 

[0044] Thickness, an installation location, etc. of the period of the phase grating of transparence 
quartz plate 1 03 both sides and each transparence quartz plate were optimized using the ray-tracing 
program optimization function so that the aberration on the projection optics pupil in the semantics 
stated to the term of an operation might serve as axial symmetry. Furthermore, the aberration 
amendment filter 109 was inserted in the pupil posion of projection optics for aberration amendment 
symmetrical with the above-mentioned shaft. Here, the aberration amendment filter 1 09 amends the 
astigmatism of a direction mainly perpendicular to the periodic direction of the above-mentioned 
diffraction grating. In addition, each of transparence quartz plates which have these diffraction 
gratings etc., and aberration amendment filters is exchangeable, and it enabled it to set them up for 
whether being Sumiya at a position. Moreover, in order to position a transparence quartz plate 
correctly, the electrode holder (not shown) of each quartz substrate has a jogging device (not shown), 
can measure the location of each quartz substrate, and can set this as a desired location. Furthermore,' 
by acting as the monitor of the image by the automatic focus monitor (not shown) which prepared on 
the wafer stage 104, it also made it possible to feed back a monitor result and to adjust the location 
of each quartz substrate so that the optimal image formation property might be acquired on the image 
surface. In addition, aberration amendment may be beforehand performed for the projection optics 
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itself to the above-mentioned diffraction grating, and an aberration amendment filter is unnecessary 
in this case. Exposure was performed carrying out the synchronous scan of a mask and the wafer. A 
stage control system 110 carries out the synchronous scan of a mask stage 1 00 and the wafer stage 
104 with the velocity ratio of 4:1 respectively. 

[0045] The mask which has the pattern of various dimensions containing a periodic mold phase shift 
pattern was imprinted to up to the chemistry multiplier system positive resist using the above- 
mentioned aligner. As a result of performing a development predetermined [ after exposure ] and 
observing under a scanning electron ray microscope, the resist pattern with a dimension of 90nm 
(period of 1 80nm) has been formed with the periodic mold phase shift mask to the periodic direction 
(x directions) of the above-mentioned phase grating. On the other hand, the resolution of a direction 
(the direction of y) perpendicular to the above-mentioned direction was dimension extent of 140nm 
(period of 280nm) using the phase shift mask. Then, when the phase grating of the three above- 
mentioned sheets and the aberration amendment filter were rotated 90 degrees, the same mask was 
exposed next and the resist pattern was formed, the resolution to x directions and the direction of y 
was reversed. 

[0046] In addition, although, as for the upper example, a period, an installation location, etc. of the 
class of the class of optical system, NA, light source wavelength, reduction percentage, a resist, and 
mask pattern, a dimension and a diffraction grating, and a protection-from-light pattern are limited 
extremely, these various conditions can be variously changed within limits which are not contrary to 
the main point of this invention. 

[0047] (Example 2) Next, the example which optimized optical system is shown so that the effect of 
the aberration accompanying diffraction-grating installation may serve as min. In the optical system 
of drawing 10 , the mask side of projection optics where mask side [ where O and I introduced the 
diffraction grating / of optical system ], image surface, sigma, and sigma' does not introduce a 
diffraction grating, the image surface, and hi (i=l-6) show the distance in drawing. The protection- 
from-light pattern of diffraction gratings A, B, and C and wafer right above was formed in both sides 
of a transparence quartz substrate like the example 1 . At this time, transverse aberration w** (s) to 
the beam of light which has the include angle of ** to an optical axis after mask passage is expressed 
as follows as a function of the standardization pupil radius coordinate s. 
[0048] 

w**(s) =wu** (s) +ws** (s) wu**(s) =Clhl+C2(sl) h2+C5h5 -- +C6h6 ws**(s) =C3h3 - +C4h4 
Cl=tan[(second**s0) /M]/M and C2=tan[**(sl/n)-(second**sO)/(nM)]/M - C3=tan[s/M]/M and 
C4= - tan (s) C5=tan[(second**s0) /n] C6=tan (second* *s0) - here, wu expresses an unsymmetrical 
component and a component with symmetrical ws to s= 0 on a pupil. However, they are s0=NA and 
sl= lambda/PA. When sO (NA), the contraction scale factor M, and the refractive index n of a 
transparence quartz substrate are made into the value of a system proper, an upper type contains 
seven optimization parameters, and hi (i=l-6) and si. Then, these values were optimized wu** and 
by imposing seven constraints that aberration should be made min to ws** (s) (s). An example of an 
optimization result to some NA(s) is shown in Table 1 . However, aberration was expressed with the 
wave aberration which makes h5/lambda a unit. 
[0049] 
[Table 1] 
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NA 


0.1 


0.2 


0.3 


0.4 


hi/hs 


17.352 


16.167 


14.263 


1 1 .343 


h2/hs 


0.529 


0.995 


1.343 


1.507 


h3/h5 


24.014 


22.600 


20.137 


14.819 




0.368 


0.465 


0.652 


0,920 


he/hs 


0.01 


0.01 


0.01 


0.01 


si 


1.225 


1.259 


1.300 


1.349 


Wmax(s) 


5X1 0~ 9 


3x1 0" 7 


4x1 0" 6 


5x1 0" 6 




1x10~ 12 


1x10" 9 


2x10 " 7 


1x10* 5 



wfU(s) = max[w+(s) - w-(s)] 
s1 = n X /Pa 



[0050] As shown in a table, it was possible to fully have suppressed aberration also in NA=0.4. 
Same optimization can be performed to various arrangement, when diffraction gratings A and B are 
respectively formed on another transparence substrate. Furthermore, still severer aberration 
conditions can be satisfied by increasing the parameter of optimization by introducing a new 
transparence substrate and a new diffraction grating. 

[0051] (Example 3) Next, the example which created DRAM of 0.1 -micrometer design Ruhr is 
described using the aligner shown in the example 1 . Drawing 1 1 shows the making process of the 
above-mentioned device focusing on an exposure process. 

[0052] First, isolation 202 and the gate 203 were formed on the Si substrate 201 in which the well 
etc. was formed (not shown) ( dra win g 1 1 a). Isolation and a gate pattern were exposed with the 
aligner shown in the example 1 using the periodic mold phase shift mask. Here, since it was 
predicted that the part into which a pattern configuration is distorted in the periphery of a periodic 
pattern by simulation arises, the mask for removing this garbage was prepared. After piling up and 
exposing the above-mentioned mask using an aligner to the same resist film as what performed the 
above-mentioned exposure conventionally, negatives were developed, and the part which is not 
desirable was removed on the circuit engine performance. In addition, you may cope with it by 
ignoring in circuit, without removing the above-mentioned garbage. 

[0053] Next, the capacitor 204 and the contact hole 205 were formed ( drawing 1 1 b). The electron 
ray direct writing method was used for pattern exposure of a contact hole. Next, the 1 st-layer wiring 
206, a through hole (not shown), and the 2nd-layer wiring 207 were formed ( drawing 1 1 c). The 1 st- 
layer wiring (O.lmicromL/S) was exposed using the aligner shown in the periodic mold phase shift 
mask and the example 1 . However, it changed into what showed the direction and dimension of each 
diffraction grating to drawing 9 c here, this was rotated further 90 degrees, and multiplex exposure 
was performed. Coincidence was made to also rotate the aberration amendment filter 1 09 90 degrees 
with a diffraction grating at this time. O.lmicromL/S has been formed without direction dependency 
to wiring prolonged in both directions in every direction by this. Formation of a through hole used 
the electron ray direct writing method like the contact hole. Subsequent multilayer-interconnection 
patterns and final passivation patterns are designed in 0.2 -micrometer Ruhr, and were formed by the 
usual KrF excimer laser projection exposing method do not use this invention. In addition, it is not 
caught by what was used in the above-mentioned example about the structure of a device, an 
ingredient, etc., but can change. 

[0054] (Example 4) Next, the example which applied this invention to manufacture of distribution 
feedback mold (DFB) laser is described as another example of this invention. What converted the 
ArF excimer laser contraction projection aligner of NA0.5 like the example 1 was used for the 
aligner. In the making process of the conventional quarter-wave length shift DFB laser, the 
diffraction grating with a period of 140nm currently formed using the electron-beam-lithography 
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method etc. was formed using the periodic mold phase shift mask and the above-mentioned aligner. 
It became possible to manufacture more the DFB laser which has by this the engine performance 
almost equivalent to what was produced using the electron-beam-lithography method etc. for a short 
period of time. 
[0055] 

[Effect of the Invention] As mentioned above, when according to this invention light is irradiated 
through an illumination-light study system at a mask, image formation of the mask pattern is carried 
out to up to a substrate according to projection optics and a pattern is formed, While preparing a 
diffraction grating in the above-mentioned substrate and parallel between the above-mentioned 
substrate and the above-mentioned projection optics So that the image of a mask pattern may be 
reproduced by interference of the light diffracted by the above-mentioned diffraction grating near the 
substrate side By establishing a diffraction grating or image formation optical system between 
projection optics and a mask or between a mask and an illumination-light study system, formation of 
the detailed pattern conventionally beyond the resolution limit of an aligner is attained. Specifically, 
effectiveness almost equivalent to having a maximum of doubled the NA substantially is acquired, 
without changing NA of projection optics. Without changing the fundamental configuration of the 
optical system of an aligner greatly thereby conventionally, the big exposure field and high 
resolution are acquired and manufacture of LSI of a dimension the class of 0. 1 micrometers is 
attained using the contraction projection optical lithography suitable for mass production method. 
[0056] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawi ngJJ It is the mimetic diagram showing geometrically the principle of the image formation of 
1 optical system by this invention. 

[Drawing 2] It is the mimetic diagram showing the principle of the image formation by the exposing 
method conventionally [ various ]. 

[Drawing 3] It is the mimetic diagram showing the principle of the image formation at the time of 
applying a phase shift mask or slanting illumination to 1 optical system by this invention. 
[Drawing .4] It is the mimetic diagram showing the principle of the image formation of 1 optical 
system by this invention in diffracted-light study. 

[Drawi ng_5] It is the mimetic diagram showing a part of 1 optical system and an example of the 
exposure approach by this invention. 

[Drawing 6] It is the mimetic diagram showing the property of 1 optical system by this invention. 
£D rawing _72 It is the mimetic diagram showing the optic used by this invention, and the effectiveness 
acquired by that cause. 

[Drawin gJJ It is the mimetic diagram showing the optic used by this invention, and the effectiveness 
acquired by that cause. 

[Drawing 9 ] It is the mimetic diagram showing the configuration of the aligner by one example of 
this invention. 

[Drawing 10] It is drawing showing the property of another example of this invention. 
[Drawing 11] It is the mimetic diagram showing the device making process by another example of 
this invention. 
[Description of Notations] 

1 [ - 5 A wafer, 20 / ~ It extracts. ] ~ A mask, 2 ~ Projection optics, 3 - A pupil, 4 6 29 [ Zero- 
order diffracted light, ] - An optical axis, A, B, C A diffraction grating, R - Light, R0, R0' Rl, 

R+, Rl " - The +primary diffracted light, Rl', R primary diffracted light, AO, Al - The point on 

a diffraction grating A, BO, Bl - The point on a diffraction grating B, CO and CI, CI' - The point 
on a diffraction grating C, Q, P, Q' [ - Projection optics, ] The point on the image surface, 21 
The conventional transparency mold mask, 22 — Light, 23 24 [ - Zero-order light of the mask 
diffracted light, ] - A pupil, 25 - The image surface, 26 - A periodic mold phase shift mask, 27 28- 
-+primary light, 51 - The image surface, 52 - A protection-from-light mask, 53 - Quartz substrate, 
O - The point on a mask, XI, Yl, Zl - The point on a diffraction grating A, X2, Y2, Z2 - The 
point on a diffraction grating B, X3, Y3, Z3 — The point on a diffraction grating C, I - The point on 
the image surface, 100 ~ Mask stage, 101 [ « Wafer stage (sample base), ] - A mask, 102 - 
Projection optics, 103 - A transparence quartz plate, 104 105 [ - Transparence quartz plate, ] - A 
wafer, 1 06 - A transparence quartz plate, 1 07 - An illumination-light study system, 108 1 09 [ - 
Isolation, 203 / - The gate, 204 / - A capacitor, 205 / — A contact hole, 206 / ~ The lst-layer 
wiring, 207 / - The 2nd-layer wiring. ] - An aberration amendment filter, 1 10 A stage control 
system, 201 - Si substrate, 202 
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# £ « v X * ggngft * 5 S i&fitf 



(6) RfPI¥8-3 16 12 5 

f»«Sft±tef#e>n&i/\, sine > 0.5 ©ftae^ 
7?> msf^B tmu<om(omvr^ n tir&ts sin 

e = NAo^fiT«/f^f b (*©tf*Jiabfco#efc 

sin0'= (A/PB+sinG) /n = 2NA/n 

0'<9 Ofi-TfeSfc^O^tis NA<n/ 
2£&3 0 IP "5, *P^i*NA-n/2(0^l 

tti. 3) ■ewfcLTWtr*ur, saiwicNAti. 

7h77>*ffl^nB, 7kffi^V7© iJSOiRg (3 6 
5nm) -fffe, 0. 1 ftmWT©»«S*^#^nSCi: 

tca<tt#-r«o W§^* h;WttOA»ffifc 

[0 0 3 0] K±OMI*f*±Tifcllllifi(H*iKfeL, Htff 

[0031] ^c, *&mfc&^r&ifr?'<%j&K'o^ 

[0 0 3 2] Site, *^5ST*(i«e*»^jSfcJ:t^ 
til, «ffi±^Q, Q' fc^^Tfe2«|»*^*3 0SV^ 

Sett, vx^Og±X^itTtc±IH^7 I c:VX^^{S 



(7) 



1$KPF8-3 16 12 5 



ZB) tfiatS««^ ±IBK(t<0 2«*JBWfcLT 
fi^ l oo»^f@«(Ofifiit^:-rSo fib, fwjEmciK 

til, ^XM—±»fc«J«<D*BW«U W^NA ZBTO 
[0 0 3 3] ^2(C, *7?}*T*«— (fi^B^gfiS^ffiT 

©isisf»:»o3t«»*flav^r^>So for, ehw*?* 
aa-r s * \c m^t ic «F#-r * * mart §atc^ 

[0 0 3 4] 3131c, SuO^^Lfc^dtC, ®±tC 
f "=0OgS; LV^#r^Cftnx.Tx f"=±2(SA 
+ SB)/c^ti/7 h L/c7-Uxg»^i:§ 0 en 

PA^ 1/ (1-2 NA/M) 

fcftlSJ:^, L0i|^ VX^T*[nj#r£j2 NA/M 

[0035] H4tc, *awo»*5R-e«, !§ISt#P» 



(fOXiX2X3K OY1Y2Y3K &tfOZiZ2Z 3 I 

X2X3=Y2Y3=Z2Z 3c J:D, OX1X2+X3K 
OY1Y2+Y3I, RtfO Z1Z2+Z3 I Ojg^iRMtft 

& 0 «oBS*««jsoxiX2X3i^e>oziZ2Z3i 

£M5ftB<0i£©RM£0 Y1Y2Y3I £rS*P£ LTi 

*wr sjK»c*r-r sirmw+( s )«i«±-e- 

+ tc 0JJt L fcft £ -77 ft mtfr L fc H ft ■> x 

ffljE-rscfctiSJlWtcHJBfcftSo for, cfttb(D 
IK**, vx^^^L XI4«>x/^fcSS 

[0 0 3 6] w+(s)tw- (sJtfSSUttttf, cn^ 
S^^TMIE-rSCt^Rl^T^So fCT, Aw 
(s)= {w+(s)J - {w- (s)} ®± (H6Ttt 

- 1 ^ s ^ 1 cdibh) -ejfiStit^r+^ci/h^v^iS 

= K 2, •••) «tLT«^n§o fCT, R3J6 
fix -l^s^lOfBH^, Aw (s. x 

T\ TX^ilMli^^LTKO^^tt^M: 

[0 0 3 7] W±, fB^O/c^VX^/^-V^LT 1 
fix v**ffi«»©tt«tt, ^tttmSrtST^W^ 

^tfffirttciKse-r, ®±^«^ft^ciRj^9o ceo 
Awt it, «±(0 2^7cjffi« (s, t) <Dmm 

Aw(s, t)= {w+(s, t)} - {w- (s. t)} * 
^ffiP^JT, Aw(s, t, x \)<5?tmtt x i 
^3c46n^J:t^ cftti, w±(s, t)^ilfs=0 



II I I I I 



[0 0 3 8] ±T<DJifalCttl,T*$£m<D$))m 

fc(i^HIL<, 0 8O«fc'5 3&l»:n:leISf«^fflt^ 

x #1*0©^ * - VKM LTflMWS: N A f* 2 «)S < if* 
"T^^ yfifatD/**— ^t^LTCiS^-r^o HI8b 
x7?FrKD^* — ^fclfcfLT^Stlft&N Ate/" 2 

So g|8 cC0®-&, x, y r^7}ft£&N Ate/~2^£:£: 

[0 0 3 9] S«ttffiO/^->'^fplft#tt*4<-r/c: 
a&tefck. El 8 a. b, c©*ff«, *^JA«9 0Jg[el 

*a/BLfc»&ii:w\ x, y#iRiwwc*j-r 

tCx, yjM^fct>NA^2«LfctO^|p|^#^# 
[0 0 4 0] H3^bfeJ:5K:Hffla!ffi*B^7 bvx 

[0 0 4 l] ±EK»4— latcN AOffifcfcfclz: 

m^Cit^So C<Dtt#>, NA0. 1-0.2 gft<Dft 

^IRWiJt«l!WHI)lii:«:&at\ l^t, SNA • «« 



(8) #P*1¥8-3 16 12 5 

[0042] *&mte, Q&®ffiytm*#fot l 

^Xrc<McmMLrc&<Dlci&%:lb%;\,\ ip^, HI ico 

^^^^ m*&&&yt¥mcm 
v^^ffitfetj-stt^x^^^^vh^ijffltcEEg-rs 

[0 0 4 3] 

BttKM] 

(^ss^ij i ) n a = o . 4 5, ftsas 

SA = 248nnu *S'h* 4 : 1 CDX^-V K r F X 

^^lL/c 0 ip^ YX^Xr-^ 1 0 0±tc^Sb/c 
TX^lOl tia&yt&ft 1 0 2©BtC f^Mtcfiffltg 

- 1 0 5 tmm^ 1 0 2 CD Hie, tf-ffitcjBft/**- 

0 6^ — ><DfiiJA^x/Wc^ffi-rScfc"5tc 

SALfeo l*^-V(i(B3 0 0 /i mBffl 1 mmOC 
r/^->, ffifitt?/^^ — V*4«ffi= A/N ACDS i 
SM^^^Vtlfco ^X*«»WE3IS1 0 3±CO 
— VOJBJHttU l >X/N-fiJ^4fgT^So 

Lfc 0 X, 7X^TOmi0 7l^ til. 2m 

-mmw^m 1 o 6±©aje/^->'i:«!ftfc4sj: 
[0044] anosc i o 3 wffiottti^oaw, 



1 



(9) 



W8-3 16 12 5 



(■^f) (H^-r) 
-e#s 0 ^xa^xt^^ i o 4±tci^tfc;t 

S & U 46±IB09f te^Hc *t L T i&M*f IE#j® L 

^fT^^/co Xr- S>1Mj»3Ri l Of*. YX^Xf-^ 
lOOt ^x/^Xf-^ 1 0 4 £\ g-^r 4 : 1 <Dm& 

[0 0 4 5] ±E«tSa*fl!^T, HWS!ffi*B^7 h 

w ± ( s ) = w u ± ( s ) + w s ±( s ) 

w u±(s)=Cihi+C2(si)h 2 +Csh5+C6h6 

W S±(s)=C3h3+C4h4 

C 1 =tan[(s±so)/M]/M, C2=tan[±(si/n)-(s±so)/(nM)]/M, 
C3=tan[s/M]/M > C4=tan(s), 
C 5 = tan[(s ± so)/n] „ C e = tan(s ± so) 

s^^i^Ito §1^ so=NA, S 1=A/P 
At?&S 0 so (NA) , «/HB*M, aW53?S«OH 

ft>^* — hi (1 = 1-6) Stfsi*ttf 0 K 
T\ wu±(s), ws±(s)tcWLTJRM**/h^r^ 



f5ISi/7 bvX^c£D\f-f£9 0 nm (JHM 1 8 0 n 

fcffl^T \t*}£ 1 4 0 n m OBWi 2 8 0 n m) SffiT^o 
fc 0 fa% ±E3«c0ffi««^RtfiRJS*liE7 

[0 0 4 6] lOiifiltt, N 

a, ytmm&, m^m, u^xk yx^;^-^i 

2d -So 

[0 0 4 7] ^tc, BSfft^HAfcff-SJR 

IALs5:^gM^©vx^Ii:« hi ( i = l 

~6) im*<omm*m-to mtft&TA. b, c^x 
r±<ofta*# , ra3ttii*c:jws*iRj5w±( s 



[0 0 4 8] 



1 



[0 0 4 9] 

mil 



NA 


0.1 


0,2 


0.3 


0.4 


hi/hs 


1 7.352 


16.167 


14.263 


1 1 .343 


h2/hs 


0.529 


0.995 


1.343 


1.507 


h3/hs 


24.014 


22.600 


20.137 


14.619 


h4/hs 


0,368 


0.465 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


51 


1.225 


1.259 


1.300 


1.349 


Wmax(s) 


5x1 0" 9 


3x1 0' 7 


4x1 0' 6 


5x1 0" 6 




1x10" 12 


1x1 0~ 9 


2x10 " 7 


1x10' 5 



w^(s) = max[w+(s) - w-(s)] 
s1 = n X/PA 
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I 



[ 



[0 0 5 0] S^6t)^-5J:5^ NA-0.4tC*5t> 
[0 0 5 l ] (^SB0M3) ^tc, glSSffy l teiRLfcBJfc 

gl^i^T, 0. Ifimilf;l/^DRAM^M 

[0 0 5 2] £?\ tfx;l/*| (H^-f) «MU;S 
i S*2 0 1 ±\cr^VU—>a>2 0 2RX}^— h 2 
0 3*JgjSLfc (Hi 1 a) o 7^Vl/-^3VM7 

[0 0 5 3] *tu, 3r*^$/£— 2 0 4Stf3>^^ h 

;l/2 0 S^ffMbfc (H l l b) o 

tc, ^11EI2 0 6, X;V-*— /V (0^#*f) , S 
2HSBH12 0 7*#J«Lfc (Bile), i&lJfBB*g 
(0. 1 |imL/S) «4H)IBiaffifflS/7hvX*fcSai 

ce>fc£. raWptcJR«MiE7-r;V^-l OQtHSfft? 

0. 2 /i m;l/— ;l/TSft^ ntfe^ 
[0 0 5 4] (fiSBtBN) *tc, *«W©»J©*8i#(l*: 

LT> *f8^*^»aS (DFB) U-f-OHftK: 

aflaLfcOT^oi/^ra^So nao. 5 

CO A r F Ji^^vu— 1flB/Jvt^«)t*B**M« 1 IrI 

b D F B u-+f-<?>#iax§tc*?v>T, 



(10) 16 12 5 

M T? S d £ WnTflB ft o /c o 
[0 0 5 5] 

sffn*oj»*^#6tiSo enters, se*s»t»fi 

m^XOL S I 0«jfi#preBfc45o 
[0 0 5 6] 

[Hi] **wtcj:*-**ifiois«o«a*«MBr*m 
[023 »aa3M3tsBtcj:«««»o«ai*^-r«isH 

[H3] *S8W«:J:S— )t*3RJcfft«2/7hvX*X« 

[H4] *«Wfc*S--)tt¥3RO>e«OJRa!*liI»f3tt* 
[0 5] #aWtilckS-^3RO-»»fcB31fi^rffiO- 
[H6] *»Wtc<k«-^3Rco»tt*^-r«SH'C» 
[H7] #*WT?flH/>S)tt*»a2: j enK:J:0»e»n« 

[08] *»WT?ffli/^}t*»»fc j fnfc«fco»6n* 
[0 9] *aw©-*«w^j:saBe«B<oiiifiK*^ , r 
[Hi o] *«wo»j©iiMiwo»tt*^'rH-(?a5So 

[0 11] *»WOJ*JO*^K«fcS7*^-fXff«xe 
[«F#©KW3 

l-VX^ 2 3-«, 4--^X/^ 

5, 2 0-80, 6, 2 9-m A, B, C-|HlSftt 
^ R-ft, R0. R0' -O^HSf^ RK R+, 

R 1 " ■♦•+ 1 *m#r)K, RK 1*138916, 



I 



AO. A 1 •••|IIJff*& : ?A±<Dj£u BO, B 1 -UlSffif 

B±CO^ CO, ci, cr -nt/f« : ?c±o^ 

q, p, q * -•ffi±©js, 2 1 -«E*aaavx*, 

2 2-* 2 3-«m 2 4-1, 2 5-M 

0#»k 2 5 1 - tE 5 2-«7X 

^, 5 0-V7^±©jS> Xu Yu Z 

i-HI»ftS?A±<D^ X 2> Y 2 , Z 2 ---[H#r*§^ 1 B±CD 

j£u x 3 , y 3 , zs-msftt^citojSu i-«a±<o 

[0 1 ] 

mi 




(11) ^Ffl¥8-3 16 12 5 

10 0-7X^Xr-^ 10 1-7X^ 102 

-H«JK¥»> l 0 l 0 4-*ia- 

xf-^ (tt»ft) , i o 5-<)xa- i o 6 -mm 

0 9---iJXMMlE^^;l/^-, 1 lO-Xf^^M> 

20 l-S ill, 2 0 2-7^VU->3X 203 
-y— K 2 0 4-4+/^^ 2 0 

;k 2 0 6-3flSBB*8* 2 0 7-*2iKio 



[0 2] 



on 2 




■ II 



II I 



(12) 
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[03] 
S3 



(a) 




(b) 




[05] 



[0 4] 

134 



(a) 



(b) 




[06] 



216 



1 1] 



1 1 



203 






(a) 



52 



5 W 





|g)«fA<0CQ[e]*T* 
w-{s) 



(b) 




(13) 
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[El 7] 



07 



[08] 

[218 



(a) 






(a) 



(b) 




(c) 



II 



§ 



i i 



ill 






[B9] 



(39 



m i o] 

1 o 



107 



LLU * CZ3T 





B 




104 



